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rood product: which artificially bee bee n fllvtn a cell -like 
itructura by coextrualon of ttviril cogporitntg, nd rothod 
and apparatus for eenuf acturiiKI midi food product - 
The invention concerns a food product In sheet, ribbon or 
filament form cans la-ting of at least two d ampontnti which 
have been ooextruded to become interspersed with aach other 
and forn a row- structure, and methods and apparatus for 
making such product . 

In the term "food" product, I intend to ir elude 
confectionery and mad leal product a. 

The inventor *s two (expired] U.S. patents No* 4.115.502 and 
4.436,568 disclose suoh products. The foxier discloses: 

a) strands of a viscous sugar solution, ii terepersed with 
strands of dough; ths ooextruded sheet f dined product is 
subsequently baked * and: 

b) strands of highly viscous, dissolved or swollen protein 
and of a viscous sugar solution, caramel find/or dough; the 
ooextruded sheet formed product is subsequently solid! fed. 
(See col. 6 line 65 to col. 7 line 5 of this patent). 

The other above mentioned patent contains an operative 
example for making a similar food product namely e xample 4 . 
TOre an alkalic solution of soya protein is intersepersedly 
coextruded with e solution of carboxy-methyl -cellulose to 
which la added caramel (for sweetening ani aroma). To 
achieve a regular structure the two solutions have the same 
viscosity. 

The ooextruded sheet fomod product is collected on a 
conveyor film of polyester (later to be u?ed as wrap for the 
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product) end Is solidlfed by rinsing a solution of NaCl - 
lactic acid over it. This causes the protein to coagulat . 

In each of tha abovs mentioned examples ei ch of the 
intarsporsod strands is a oontlnoui strand . in U.S« 
4.436.568 this clearly appears from the t<xt of the example 
when the latter is studied in conjunction with the drawing 
to which it refers. In U.S. 4.115.502 the only 
apparatus/method which is disclosed for interspersed 
coextrueion - see fig. 4 and connected description - will 
always produce continuous strands. 

The food product according to the present: invention is 
characterized as defined in claim 1- 

Preferebly the defined cellular structure extends generally 
throughout the product. 

Congressional measurements of the resists) use to deformation 
are commonly used in the food Industry especially for the 
characterisation of gala. 

The alternative possible types of M fluid! ty" or fragility 
for component A, all of practical imports ice, are specified 
in claims 2 to 7. It is Immediately under vtandable that the 
invention provides a new concept for achieving a food 
product which on the whole has a solid aril mechanically 
stable consistency and nevertheless is pleasantly chewable 
and in all respects (hakes a natural feel Ln the mouth, be it 
a aubstitute of meat, a filled chocolate, another type of 
confectionery, a snack, snack -masked medicine, or a 
completely new combination of food ingredients. 
While A e.g- oan be a continuous soft gel of plastic 



character within each platelet or lump, it: is essential that 

B also can be e continuous g 1, but in thii case a Uf«v 

g 1. As en example should be mentioned thai a O^-^l % Cco-qeA o£ 

pectin or carregenal gives the soft consiel ency used in jam, 

while a£-\ft%gel cf the sax. poly—re gives ooneistencv 

like articles or rubber and are suited a. 1 hin cell walls in 

the product of the invention. *\oda_ b *o tU,~ y\± cu^ wo-b Ir^JLc^ircOcl 

Later in thi. speoif ication the possible oppositions of A ^ 

end B will be further clarified. 

As it is understood from the above, B formj "cell-walls" and 

A the "cell-contents-. Typically the bigge, t average 

dimension of the platelets or lumps is beti«en about 1-30 

ir», and the smallest dimension about 0,1-3 bub. Due to the 

characteristics of the extrusion process, 1 he lumps or 

platelets are almost always of a curved ship*, although 

exoneration of such shape can and preferab: y .$VouJdl (XVouiedL. 

The indication of the biggest dimension refers to 

measurements along the curved surface of tl* lump or 

platelet. 

In the, majority of the cells the thickness of thB cell wall 

should preferably not at any pl ac^^be^sttaA^e r^ho^^^o f^ ehe 



sversgo thickness of the lump or platelet which is contained 
in the respective cell, since otherwise thn mechanical 
stability may be insufficient. More preferably it should not 
be smaller than 5% and still more preferab! y 10% of the 
Bald average thickness. 

On the other hand, to give the product a suitable 
consistency, the average wall thickness in the majority of 
th cells should preferably not exceed the average thick n ss 



of the lump or plat let which is contained in the cell. 

In most cases when A la fluid , the nesting of the platelets 
or lumps of A in B should preferably be a full encasement at 
least for the majority of the platelets ox lumps. This ie 
the more advantageous the more fluid A is. 
The most advantageous rovfonned cell structure is the 
composite filament formed struoture with boundary cell-walls 
(at faces r and s, see fig. la) and, branching off 
herefrom, bridging cells-walls, as stated in claim 11 and 
illustrated in the mentioned drawing. In 1his drawing there 
are shown two B - component s Bl and B2 (and the reasons for 
using 2 B-oomponents as shown will be given below) but the 

« 

drawing must be understood so that Bl and B2 can be one and 
the eame component. Dimensions of this filament structure 
are stated in connection with the deeoripl ion of the* 
drawings ^ stffis it ug Me pieesss a*td epyagatm . 
The coextruslon method for producing this structure may 
cause some attenuation of A as well as B it and close to the 
locations of branching, see fig. 3. By appropriate ohoises 
of the conditions during the extrusion sudh attenuations 
nh^uld prafftrahly ho UnHt^d «n »he 1 Thi cknesse s of a 

branch and a boundary cell-wall both measured at the 
location of branching-of f , should general) y not be any 
smaller than 1/15 of the biggest thickneen of the branch. 
More preferably not smaller than 1/10 and still more 
preferably not smaller than 1/5 of said b:.ggest thickness. 

Claims 13 and 14 state precautions to fae:.litate chewing of 
the food product and make it feel most natural in the mouth. 



The effect of claim 13 can be Bdh±wmd : ~^ 1 i^Ai±t:±on''"^^B'''^ 
substance which promote* the slip, e.g. a Tat to a hydro- 
phllllc B- substance. 

Contrerely there may be a need to strengthen the said 
bonding, and this can be achieved by the feature claimed in 
claim 15 (eee also method claim 44). 

Within the f Hainan t (separate filament or i i lament joined 
with other filaments) having boundary cell* vails of B, each 
platelet or lump of A may bridge the whole way between the 
boundary cell-walls at faoes r and s. This ie shown in fig. 
la and will in many cases give the best coi eietency of the 
product . However, the platelets or lumps oi A can also be 
Included in a less rational manner as showi in fig. 2. 

The additional cell-wall stated in claims 3 7 and 18 serve to 
perfect the nesting of A in B, and are illi strated in fig. 1 
b. As it appears frora claim 1, A and B nay in fact each 
comprise more than one component* A very advantageous 
example of B comprising 2 components Bl and B2 (joined 
adhesively with each other) is stated in t lalm 19 and 
illustrated in figures 1 a and 4 a and b. Thus B2 may e.g. 
De~tougner ~t ban" Bl ( iTT^t he~f r i n al state of i he product ) so 
that Bl easily is disrupted by the chewing to release the 
(tasty) A - component , while the consumption of B2 requires 
more chewing work - which Is felt as a good combination. 
Furthermore when B2 is less deformeble thai Bl in the state 
it has during and immediately after the dividing in the 
ooextruslon process, B2 helps to achieve tie most regular 
oell structure. 



This aspect is dwlt with in connection w;.th method claim 
96. 

Further specifications regarding the nature of component s A 
and B are given in claim* 20 to 35. 

The ahort reinforcement fibres or platelets in claim 23 are 
preformed, and are preferably but not neo:easarely 
digestible, a„g„ short protein fibres. Thny may contain 
absorbed aroma substances or the protein used for the fibre© 
or platelets may have been brought to reaist with 
carbohydrate to form a caramel related compound . 
The conditions for achieving the oriented structure claimed 
in claim 24 are mentioned in the description connected with 
method claim 66. The orientation helps to make the product 
feel like meet when it is chewed. 

The pulp of short protein fibres in A, mentioned in olaim 
27, has a similar purpose as tho orientat ion in claim 24 , 
and also purposes connected with the nutritional value. 
Whan A la a aounnllk product as stated in claim 28, it can 
either be given sweetness and aromatic taite for use of the 
product as confectionery or desert, or be spiced like 
"chutney" for products used in a first coirse or main 
course. ~~ ~ ~~ - - — — = 

The incorporation of air in the cells as ttated in claim 33 
is normally achieved by use of an expansion agent like the 
expansion of dough in breadmaking, or the expansion of 
vsgstable protein with evaporating vater In the conventional 
extrusion of meat substitute* 

In the bread or cake products specified ±i claims 34 and 35, 
the B- component (c 11-wells) based on pro tein serves t 



giv th product good mechanically stability even when the 
contents of the cells ere very fragile (©icond grade flour 
or high contents of grain) or the product is very expanded. 
The use of oheeso for the cell-valla aa claimed in claim 35 
is mechanically suitable and provides an Interesting taste 
combination • 

Claim 36 states the method of producing t *e product of the 
invention by coextrusion, with the compon mts A and B being 
mutualyy interposed in parallel flows, an! dieparts 
reoiprocetlng or rotating to divide the flows and form 
segmental streams , and comprising the feazure that B is 
modeled around A» There are basically two alternative 
ways of performing the reciprocation or rotation which 
divides the flows and forme segmental streams, one being the 
reciprocetion or rotation specif iad in claim 37 and 
illustrated in figures 6 a and b and 10, :he other being the 
reciprocation specified in claim 38 and illustrated in fig. 
11 a and b. When the dividing is performed in the first 
mentioned way, there is primarely formed i "filament" 
structure, but several "filaments' 1 can be joined to •ribbon* 
or s heet form as apeclf iad in c laim 3 9 . 

This type of coextrusion belongs to a "fenily" for which the 
inventor in the past introduced the name 'lamellar 
extrusion". This signifies a coextrusion iiethod by which two 
or more extrudable components first are interspersed with 
each other in a sheet- like array of flows which then are 
mechanically sheared out by means of traru iversely moved 
dieparts in a way that produces a sheet o! thin lamallee - 

oontinoue or dlsoontinous - which are positioned at an ngle 



to 'the main surfaces of the sheet. 

To the knowledge of the Inventor the only published 
Inventions within this "family" are contained in French 
patent No* 1 573 168 issued to Dow Chemici 1 Ltd., and those 
patented by the Inventor of the present U vent ion, 
comprising the two U.S. patents mentioned In the 
Introduction to this specification (and counterparts in 
other countries), and further, referring to U.S. patent 
nunbers^ the following: 

Number** 3,505,162, 3,511,742, 3,553,06<), 3,565,744, 
3,673,291, 3,677,873, 3,690,982, 3,788,92:*, 4,143,195, 
4,294,638, 4,422,837, 4,465,724. 

Only the two patents mentioned in the introduction to this 
specification disclose the use of lamellar extrusion for 
manufacture of food products, and as mentioned the 
components are not formed into segments eaoording to these 
disclosures. The disclosures in the other patents are 
limited to synthetic polymers with a view to the manufacture 
of textiles or textile -like materials, and in a few cases 
reinforced : board materials. The modelling of one 

compor^nt-arQund-Mgrnftntn n f *r^h^T-^r«Tf ^n^nt- j m not fl le- 
olosed, neither is there disclosed any formation in these 
synthetic products of a cell structure comparable to the 
cell structure dealt with in the present invention. 

*ox establishment of the cell structure iiccording to the 
invention it is essential that the segments of B become 
modeled sround the segments of A. One precaution for 
achieving this is specified in claim 40 .ind illustrated in 
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fig. 5* (An alt r native or supplemental precaution is 
•pacified in claims 55 and 56, which will be dealt with 
later). Deciding in this connection, besides the Geometrical 
form of the V^j&^ *a5c?*t%a extrusion 'elocity, are the 
resistances in each of the components aga. .net permanent 
deformation, and the tendency in each component to stick or 

«te» K rheologist 



slip from the surfaces of the .ps r* a ^»on e» a rn©oiogiet can 
easily adjust theee different properties ' :o achieve the 
wonted modeling without essentially affecting the physical/ ^ C' 
chemical properties or the taste of the components in the / 
final product^Ef f icient ways of adjusting the resistance to - ^ 
permanent deformation in component A and to secure that A 
releases from the surfaces of the M are described n 

in connection with the explanations to cl. tim 71.^5^ \p 
At the state of dividing, A should preferably not be liQuid, d£"^ ^ 
but can be plastic, pseudoplastio, golfomftd, can be a dry 
powder or in other way a particulate mate: rial . In each 
case it means that, very generally speakiig, a certain 
minimum value of shearforce is needed to cause permanent 
deformation under the conditions in the d/.e. 
B on the other hand (or Bl if thT> *Te^ two , ,B-nompfHfWf>tfl- 




the arrangement shown in fig. 1 a and 4 a) should at this 
stage of the process be of a fluid to plastic consistency 
and generally exhibit a lower resistance :o permanent 
deformation. It should preferably have plastic consistency 
in order to make the extruded product sel: "supporting as it 
leaves the die. 

The ways of interspersing the components with each other and 
to carry ut the movements whioh cause th*i dividing of the 
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members) are covered mainly by 'the pert or B which is Joined 
with A prior to the dividing, end the othior two surfaces 
(which "bridge" over the segmental stream mainly with B 
from those internal orifices which carry B- component 
alone* This provides improved possibilities for controlling 
the thickness of the B layer in contact w:th the dividing 



A modification of this embodiment of the iiethod comprises 
the use Of two B- components Bl and B2 . It is specified in 
claim 56 and shown In principle in fig* 4 a, and with 
further details of the entire extrusion in fig. 10. 
In connection with the description of product claim IS 
there has already been discussion of the advantages of 
this modification, and it was mentioned tlmt, provided B2 1; 
less def enable than Bl in its state during and immediately 
after the dividing/ B 2 helps to achieve tl>e most regular 
structure. This should be understood so: Ul should 
normally be easier to bring to flow then J,, however if Bl - 
B2 ) the higher flowability will mean that I3ie backpressure 
tends to squeeze B towards the walls of tl«s dividing 
members, whereby the "boundary cellwalls" may become 



thicker than wanted, while the "bridging <»llwalls" may 
become thinner than wanted. The use of B2 component which 
shows more resistance to flow than Bl can fully solve this 
problem. B2 can also, if wanted, have exactly the same 
composition as Bl, but be fed into the exlrusion apparatus 
at a lower temperature to give it higher resistance to 
deformation, e.g. it may be semi frozen. 

It ha* already been mentl ned that in many caeea the nesting 
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of the segments of A In B is most advantageously a full 
enoaMNirt (as furthter specified In claim 17, claim IB 
dealing with an optional cellular sub-stru 2ture of this)* 
The asthcd of the invention comprises two alternative 
embodiments (which can be combined ) to achieve such 
structures, one being stated in claim 57, and illustrated in 
fig. 4 b and with further details in fig. 6 a and b, the 
other baing stated in claims 58 and 59. Tie use of internal 
orifices which extend or are interrupted i s dealt with here 
is known from the inventor *s earlier petints on lamellar 
extrusion, but neither for the purpose of producing food 
products nor for production of any cellular structure 
comparable in geoaietri to the structures nf this Invention. 

After the extrusion process^ component or < »sponw\ti B must 
be transformed to a firm cohesive form (optionally this 
transformation nay already start before :he dividing 
process) while component A may remain gem rally as it was 
during the dividing, or be transformed either to become more 
"fluid" or more fragile. 

The alternative options for transformation, of B (which may 
in 8(XDe oa&Q8 be combined) are stated in claims 60-70. 

By cooling (clais 60), normally after melt-extrusion^ 
examples: chocolate, swollen soya protein or gums. In some 
oases, when the process is sufficiently slow, e.g. consists 
in the formation of a gel, cooling of a fluid or plastic 
solution formed at a relatively high temperature e.g. about 
100 degr. C can be carried out prior to the extrusion, which 
then can be established at normal ambl nt , or lower 



temperature* Bxampl e: adequately strong colloidal solutions 
of g latine, carragenal or Ca- or Mg-pectlnat . 
Examples of solidification off acted by hotting of a 
colloidal solution (olaim 62): adequately strong colloidal 
solutions of eggalbumln or gluten (or gluten- rein forced 
dough). Examples of reestablishment of tht continuity in a 
previously disrupted gel (claim 63): a ti*o- tropic colloidal 
solution of carragenal with addition of p^taslum ions 
( reestabliehrniont on short times storage); heating /cooling of 
disrupted gels of casein or soya protein ?r starch* 

Bxaapla of formation of a firm gal by a chemical reaction 
which ia sufficiently slow to allow mixing of the reactants 
prior to the coextruaion (claim 6S): Colloidal eolutione of 
pectin or alginate in the methylated forms, with additions 
of Ca-ions and en enzyme which graduate ly demethylates the 
polymer, whereby the Ca-selt precipitates as a gel. 

Examples of formation of a firm gel by ch amies 1 reaction 
between reactants in the B~ and A-coapone vts (claim 66): As 
B component colloidal solutions of demethrlated pectin or 
alglne acid, as reactant in the A-conpone it ions of Ca, Mg 
or Al. Coagulation by change of pK can also be used* As 
a precaution to fully secure that internal orifices are not 
blocked by such gel formation, the latter may be adapted in 
s wey which requires a simultaneous changt of pH and 
introduction of such metal ions. In such oases there le used 

-two channel systems for component A, one to carry the said 
metal ions and introduce it into the B-"c 3ll walls* from one 
aid , and th other to change pH from the other side of the 
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B-*cellwell - . 

Depending on d tails in the parameters of th extrusion 
process, a B- component in form of a colloidal solution will 
none ally become moleculerly oriented whil< it flows towards 
and through the internal orifices and proceeds along the 
walla of the dividing members. This orientation can be 
"frozen" if the gel formation by use of a reactant from the 
A~component is sufficiently fast. As already mentioned in 
connection with claim 24, the "frozen" orientation helps to 
make the product feel like meat when it it chewed. 
Example of preformed solid particles whict are coagulated to 

oontinout firm matter (claim 68): finediojerse particles of 
eoyaprotein in a solution containing Ca-icns. The particles 

may be ehor^ flbCfifi in MX*tlr.lll rtr flat flhree i.iMnh won hn 
so short that they are platelets. For economical reasons 

flat fibres or platelets from expanded, oil en ted, 
fibri Hatred protein film is preferred. This is particularly 
useful for the B2- component in the structure shown in figs. 
1 a and b v 4 a and b, as made by the apparatus shown in 
fig. 1$, but operating with the dividing nenbers vibrating in 
•vertical* direction in addition to their "horizontal" 
x^i^roc«t*onari)2n^icn tne cutting ofth* fibres is 
facilitated. The protein from which the f lores are formed 
may have been brought to react with a carbohydrate at an 
elevated temperature to form caramel -relet ad compounds , as 
already mentioned in connection with claim 23. 
When there are two B- components Bl and B2, arrangsd as 
explained in the foregacing, one method of giving B2 the 
wanted consistency before the dividing (cutting) process, is 
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to form B2 Into a gel, at 1 aat in part, while It proc eds 
as narrow flows towards the dividing (cutting) process. This 
can In somo case be dons by admixing a renotant immediately 
before B reaches the channels for the nar row flows, and In 
some other cases by high frequency heatinif while B proceeds 
in the narrow flows towards the array of Internal orifices. 

Keeping In mind that A in the final produirt must be more 
flow able or more fragll than B, A may in ;iome cases remain 
In the came generally plastic, gal formed >>r powderf orraed 
atate which it had during the dividing anl modelling 
processes, but in most cases It should either be transformed 
to a more flowable or more fragile form. Ifore flowable 
especially when a juicy performance is waited In the mouth 
when the "ceilwelle" have been broken by • shewing. More 
fragile If a crisp feel is preferable, a.if. small crisp 
lumps or platelets based on sugar or hard caramel and 
encapsulated In chocolate, or sintered gr.iin or seed 
encapsulated In proteins. 

When X has high contents of water, there \rm two ways of 
making A adequately semisolid to solid flu: ring the dividing 

flowable. One way is by freezing and late:: melting an 
adequate part of the water as stated in calm 71, another 
way is by use of depolymerization (hydrol;'sas ) after the 
extrusion process, preferably by enzymes, as specified in 
claim 72 and 73. 

When A is in frozen or preferably part-frozen state during 
the extrusion, fre zing of B should normally be avoided , but 
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8 should preferably prior to the extrusior. be cooled down 
Alnost to It freealng point and the extrusion proc s 
should be carried cut as fast as practically possible . The 
chambers for the narrow flows, and the rov of dividing 
members should in such oases normally be riada from metal and 
then kept at * temperature near the freezing point of B, 
Melting of a film from A during the passage through the die 
will normally be advantageous rather than harmful 1 provided 
the extrusion velocity Is sufficiently hij h and this film 
therefore thin. 

In order to keep the icrecrystals bonded logether to an 
adequate plastic consistency, there ehouK preferably be 
some amounts of sugar or a vetersoluble polymer (e,g* 
partly depolymerised protein) mixed into i-he A-oompcnant 



partly cepo-iymerisea protein) mixea into vim A-oompcnsnx s , 

If, oontrarely to the aim of the above mentioned precautions 
there is aimed at fragility of A in the <:.nal product, to 
give a crisp feel in the mouth when it is chewed, this is 
best achieved by sintering of a powder as specified in claim 

74. 

When leaving the die the product will normally be supplied 



to e conveyor belt and may be cut into suitable pieces. The 
faces where it hae been cut ("the wounds N ) may be sealed by 
conventional means. Optionally the entire piece way be 
enrob sd , e.g. in a thin file of chocolatd, 

If the transformation of B to a firm form is carried out by 
heat treatment, this treatment is beat dene while the 
product is on the conveyor belt, and can be by means of 
rti crow awes, high frequ ncy heating, contact-heating or by 
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hot air-. 



Wvi-lng e* t*. „ trudM loBflituaiMi 

■■omentB can be rationalised K « «->,.. 

l * a * K '9- extrusion of A- 

COinPOnBr ~ ^ * ti^ interval. Ion, .nought 

to P-auc a tr e nav.r.e bttnd o£ ^ . 

which the product can be cut with™,* 

without naking a "wound" 

Pl«in A-compo„„ e . tnroUflh whloh th> 

«ny n.«d to out, .nd th. -wouna- can fK.„ >~ 

compontmt (vhlsh o» b. recyolM). 
Such p r .cuticn. .c no«. lly u^...^ ^ ^ 

*" ^ "™ OT "-*"»• <•-•• « - . <„ t t p„t. 

•ncpsu!.™ 1B , !hoool . t . ( elBe . in thl . w# ajmpi> ^ 

may be fully sat..efactory. 

The invention wi. 1 now bo Bn .i.w. * , 

* now d* explained in further detail with 

reference to the drawing . 

rx 0 . i*^ bMemiR . horlaontBl . Bofl , v . rtlMl „ ^ 

the invention with A k« «^«n 

3-i n a as call contente" and Bl and B2 — 

"cellvalla" . — 



Fig. 2 shows, i„ "horizontal" action, an A/B 

structure- acceding to another embodiment at th. 
invention. 

Pig. 3 show*, m 'horizontal" « e t lnn - * 

eA s< **ion, a type of a/b- 
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Fig. 4 a and b show, in "horizontal" and "wrtical" sections 
respectively, and on broad principle, th« modelling; of B- 
components around the A-component, by foraing conjugent 
Bl-A-Bl and B1-B2-B1 flows and dividing and joining these 
flows to segmental streams. 

Fig. 5 shows an alternative way of modeling component B 
around the segment of A, namely by rhaolojical means. 

Flf. 6 a and b show, in "horisontal" and "vertical" sections 
respectively, a segment from beginning to end of a flat 
coextruaion die for making the sheet- form»d food product 
shown in rig. l, however working with onl;r one B- component , 
I.e. Bl - 



Fig. 7 a and b are illustrations in connection with the 
explanation of the coordination of the dividing 
reciprocations and the pulsations in the flows of A and B, 
fig. 7 a being a detail from fig. 6 a, showing 3 different 
position*! of the dividing members, and fin. 7 b being a 
graphic repressntation of the reciprocation , which ia not 
harmonious . 



Fig. 8 a and b show, in "horizontal" and 'vertical- sections 
respectively, the detail indicated on fig. 6 a, namely a 
■tamp like device which extends into a nanow channel and has 
surface grooves like a file, and the corresponding surface 
of the channel, also with grooves like a iile. 

Fig. 9 shows e modification of the apperelus shown in fig. 6 
a and b, namely a modification in the array of internal 
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or i fleas and row of dividing members, to cut th flows Into 
segments by sci sore action. 

Fig* 10 shows. In 'horizontal" view and In full width for 
production of a ri >bon foxtted product, a modification of the 
apparatus shown in fig. 6 a and b, namely for production of 
the product of fig. 1 a and b with two different B 
components Bl and 32 • With a small change, the same 
apparatus can be u»ed to produce a product with two A- 
components and one B- component. 

Fig. 11 a and b ah aw, in "horizontal" and "vertical" 
•actions respectively, a flat coextruaion die according to 
the invention which la basically different from that shown 
in fig, 6 a and b, constructed to divide the flows by 
generally "vertioal" instead of w horizontal " reciprocations • 

The typioal cell- 2 ike structures of the invention, shown In 
figures 1 a and b end 2 r are first formed as segmental 
N filament" structtrea, and several such "filaments" are 
then Joined to "ribbon* 1 or "sheet" form* The dotted lines 
(1) indicate the 1 orders between the filaments, where the 
bond=ma y b e- e o w e** that the filaments e a s ily as p e rate from 

each other in the uouth, which usually is advantageous, but 
the B-materlal frcm two neighbour filaments may also be so 
Intimately connected thet the borderline only with 
difficulty can be found in the produot. 

The faces r, s, t end u of each filanent, referred to in 

some of the clalmr, are indicteed by arrows. 

If Bl is identical, with B2, these structures can be made 
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with the cotxtru«;,on die shown In fig. 6 a and t>, and If Bl 
is different from B2 - for rtasons which have be n explained 
in the forgoing - they can be made with the die ehown in 
fig* 10. It depends on the rhao logical properties of the 
componants and thu relative dimensions In the array of 
internal orifices (6) and the row of dividing member* {7} 
whether the structure shown in fig. 1 a and b or that shown 
in fig* 2 will be formed. 

Typical dimensions i within each of the filament a in the 
structure are: 

from face r to fa<» a: 1*20 nun 
from face t to faoe u: 1-50 mm. 

If the distance fj*om t to u exceeds about 8-10 inn there 
should preferably be established a subdivision of the cell 
structure by one <tr several "horizontal 4 * cell-walls like (2) 
in fig* 1 b. 

Fig. 1 a shows thu segments of A having a curved form (with 
the cell-walls of Bl and B2 fitting to this), and fig. 2 
shows the segment! » of A "pointing" in one direction, which 
in fact has been :he direction of extrusion. Such shapes or 
" deformations" of th e structure are norm^ll y^jriot intended 
but almost unavolt labia due to the f riot ion while the 
segmental stream | teases between the dividing members (7) 
(and show that thu product ie a coextrudad product)* 
However, if such i lef ormations are exagereted as ehown in 
fig. 3, they may ! te harmful 1. This can happen by Inadequate 
choise of rheology for one or both of the component* and/or 
insufficient modelling of B around the segments of A. Claim 
12 states preferahl limits for th "deformations " in the 



B -structure. The r for nc -to thicknesses Jn this claim i 
illustrated in fig* 3 as follows: 

the smallest local thie)mo8B of a branoh iii the vicinity of 
the brenohing-off is shown with arrows (3), the smallest 
thickness of the boundary cell-well in the same vicinity by 
arrows (4), and the biggest thickness of tlte B-brench by 
arrows (5). 

The biggest thickness of the branch is defi.ned as follows; 
from a point of the convex surface, the dliitance to each 
point on the concave surface is measured, und the smallest 
distance so found la registered. This is repeated for every 
point on the convex surface. The (indefinitely many) 
regiatersd minimum values are compared, ami the biggest one 
so found Is the maximum thickness of the branch* 
It should be noted that there are cases especially within 
the confectionery Industry where the protecting effect of B 
is unessential # while there can be advantageous estetlcal 
values of the patterns of different segments, when the 
components have different colours or are dirk/ white, and not 
least an * abstract" pattern like that of fig. 3 can be 
Interesting. In such cases the product is preferably cleaved 
(cut) "horizontally" to expose the segment ll structure best 
possible. In these very special cases, the modelling of 8 
around A can be omitted 4 so that there will not be formed 
any boundary call -walls off B, but each sag tent may become 
"indefinitely" attenuated at the boundariea r and s. 
Examples: dark chocolate /white chocolate, lark chocolate/ 
marzipan, white chocolate/caramel > two dU^Vex^A^^OaVj^^ 
In fig* 4 a and b, composite (conjugant) flow 8 Bl-A-Bl and 
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B1-B2-B1 are obtruded through the arroy of inten\al orifices 
d fined by the orifice elements (6)* Th formation of these 
oomposite < oonjugimt ) flows la shown in figures 6 a and b 
and in fig. 10, Btrth compos it* flows ara dividad by shear 
between the reciprocating (arrows 9) diepart which comprises 
the orifice elements (6) and the stationary dividing members 
(7). 

The different sagiiental streams are merged to "ribbon" or 

* sheet m form at the edgefonned ends (8) of the dividing 
members « 

in order to echiere well-ordered segmental streans between 
the dividing members (7) as shown, the reciprocation is 
(almost) stopped fhlle the spaces between the dividing 
elements (7> matc.i a set of internal orifices (defined by 6) 
either for the Bl »A»B2 or for the B1-B2-B1 flow, and a piece 
of the respective composite flow is then injected in pulses. 
The coordination >etveen the reciprocations and the 
pulsations shall >e explained in mora detail later, 
especially In connection with fig. 7 a and b. 
As it appears fron fig. 4, this combination between a 
formation of composite flows ("conjugent spinning*) and 
dividing/joining segments leads to the result that 
components Bl and B2, taken together ae "the B-component" 
will surround and "nest" each segment of A at least in two 
dimensions. 

The drawings must also be understood to illustrate an 
arrangement ae claimed in clain 55, in which there is only 
nna B-fiomoonfint. i.e. Instead of the cmnoflite B1-B2-B1 
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flows there is injected pi in Bl-flows, wh: Is thsre 
still is interposed conjugent Bl-A-Bl flown therebetw on. 

The advantages of using two instead of one B-component, and 
In the here described manner, have been explained In the 
foregoing . 

An alternative way of modelling B around tiie segments of X 
is as claimed In claim 40 and shall now be described with 
reference to fig* 5. This ie a simpler method In which there 
need not be formed composite flows prior tD the dividing and 
in which there neither ie any need to early out feeding of 
the ©omponente in pulsation (if the rheol^gy allows use of 
ordinary extrusion means), nor to adjust the division in the 
array of internal orifices defined by (6) and the division 
in the row of dividing members (7) to match each other. 

However, weighing against the use of this simplified method 
is the fact that it provides lees possibility to control the 
aveness of tbe structure and reduoe th« thickness of the 
cell •walls of B-component. 

The drawing shows the moment when an internal orifice for A 



members (7), i.e. just before cutting of i segment of A. 
A has begun to follow the surfaces of (7). However , the 
Channel defined by these surfaces widens r and when B flows 
easier than A and/or A shows a lower tendtney to sticking, A 
will slip away from the surfaces of (7) aid become 
surrounded by 9* 

The mechanically operated flat coextrusicn die shown in 
flgur 6 a and b, consists of a stationary inl t part (10), 
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~, ««rrow flows defined by walla 

„ .rr„ o ^ a ^ iaina ^ (7) . 
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doe not open towtrds 'the B-ch*nnel In the fs»d-pert« 

Oppositely t tha exit, each channal in the reciprocating 
lnterpcsitloning part is closed by a vibrating stamp ^2*V or2£ 
moved through a transmission rod (20* The construction and 
function is furthpr described below* 

At the exit of thp reciprocating part with walls (11) each 
flow of B la divided to three part-flows, one which joina 
with one neighbour A- flow, another which join* with the 
other neighbour A- flow, (so that each A- flow becomes a 
oonjugent B-A-B-f low before it leaves the reciprocating part 
through an interr.al exit orifice} and a third which remains 
a plain B~flow urtil it haa passed out through its internal 
orlfloe* 

In addition to tha joining of A end B to oonjugent flows 
which just has bean described* each flow of A ie divided 
horizontally (seen in relation to the sheet-plane) through 
its middle by means of the double-wedge (16) which is 
integral with th« respective walla (11), and the B-coraponent 
will interpose between the two half-parts. The part of 
the double wedge which points towards the exit, in fig. 6 b 
^hown^J^^o^ted^l^nes^he^pe^fee-^d^ve B in be tweeanr^tl^r^tw^ 5 " 



half-parts of the A- flow* in analogous way, the protrusions 
(17) from the upger and lower walls of each A-chennel eerve 
to interpose B between these valla and A, 
In the stationarj exit part, with dividing members (7) and 
collection chamber (18), each neither is sharp-edged at the 
side which ie adjacent to the reciprocating part, and 
therefore the B-J-B flows are divided bv cuttinc. one edoe 
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of ach member cutting whan the movement ia one way. and 
othar edge cutting when it ia the other we/. The flows o 



out. and will predominantly interpose between the cut-faces 

of the B-A-B segments. 

Xaoh neotoer <7) is prismatic, also anding in o sherp edge, 
and the atrsani of A-seg»ente encased In 1 join to a 
sheet when they pees these edge©. The surfaces along which 
the material flows ara preferably curved is shown, while the 
3rd surface is plane to pack against the < xit of the 
reoiprocating internal orifices defined by (6). 
When leaving the stationary exit part, th<> cellular food 
product ie taken by a conveyor belt (19) o.g. a staal or 
nylon bait which moves over a roller (20) The other side of 
the e*it from the die is formed by a flex:.ble bend (21) 
(•.g- rubber or steel) fixed to the housing for the dividing 
members (6). An adjustable bar (22) determines the gab of 
the emit orifice, (Means for adjusment an* not shown). In 
fig. 6 a the position of the edge of the >and (21), whioh ie 
the very end of the coemtruaion die r ifi i ndicated by the 



dotted lii»« (M)- If the^gAbL-a t ^h e. e iri t _tj 
osllular structure will become more or imtm disturbed , and 
if it is too wide the individual aegtoental flows may not 
join to a shoet. 

When the solidification of B takes place thermal or 
chemical coagulation, an essential part cf this process 
should preferably, as already mentioned be carried out while 
the product is on the conveyor belt* 

D vices to optionally divide the product lengrthwis end/or 



plein B-component will alao be cut or will become sheared 




eld wise to pieces of a convenient ixe, art devices to a ol 
the cut-f ces of these pieces, re conventional and not 
shown. 

The division In the row of members (7) In :he exit part 
should preferably exactly equal the distance from middle to 
middle of the A-chennele (or the B-channel*) in the 
reciprocating part* Furthermore the reciprocation Is 
preferably adjusted so that. In each posit Lon where it 
changes direction from "left" to "right*, jr from "right" to 
"left* there is opening for passage of the B-A-B flow, and 
further so that the B-A-B flow which supplies while the exit 
part is in position "left*, is immediate mighbour to the B- 
A-B flow which supplies while the exit par: is in position 
• right*. 

In other words the stroke from "left 11 to " ?ight" corresponds 
approximately to one division, (however thi stroke should 
preferably be slightly longer). These f sat 1 ires are further 
explained below in connection with figurea 7 a and b. The 
mechanical means for reciprocation are conventional and are 
not shown in the drawing. 



die is established by a combination of the conventional 
forwarding through the feed-pert (9) and v: .brat ion of the 
stamps (24) or stampliWe devices (25) through the 
transmission rods (26)* All transmission rods for movement 
of a are mutually connected to synchronize the actions, and 

similarly for those which xiove the B-oomponent . 

The shape of the stamps 24 appears from fi$r« 6 b. The 
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oblique and serrated forn of -the front: (2*3 ) §«rv«s In the 
bMt way to change the direction of flows from vertical to 
horizontal, and the knifsforaed "noee* (2t ) helps to reduce 
the resistance against the entrance of th« flow into the 
narrow chaitber. 

The vibration of the stamp? or stamplike levicee for A are 
synchronized with the reciprocation* of tie interpositioning 
part In auoh a way that the velocity of pi ehing forward Is 
at lte maximum at the "left" and at the "light" turnpoint of 
the reciprocation whereby the frequency oi these A- 

vibratlon* le double that of the above mertioned 

reciprocatlona . 

The B-vibrations are synchronized with th« reciprocations In 

auoh e way that there ere 4 maxima of pual during one period 
of reciprocation, namely: 

1) when the reciprocating part 1© in position "right*. 

2) when It is in the middle position, 

3) when it Is in position "left** and 

4) when on return towards "right" it ay air is in the middle 
position. In other words r the frequency oi the B-vibrations 

These synchronizations are better understcod with reference 
to figures 7 e and b. Corresponding to position "right" of 
the reciprocating part, two neighbour members (7) of the 
exit part are drawn with full lines. Corresponding to 
position "left" the same two members are drawn with thick 
dotted lines, and corresponding to the middle position thay 
are drawn with thin dotted linee. (In order not to make the 
drawing too complicated, it le shown as if "the 
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interpositioning pert" were 



end th e*it port moving). 



in the row of internal orifices In the (reaLly) 
reciprocating pert the orifices for the composite B-A-B flow 
ie marked B-A-B and the shown orifice for plain B is marked 



A* already mentioned and ae It appears from the drawing, the 
division In the row of dividing members (7) equals the 
distanoe from middle to middle of the Internal B-A-B 
orifices, while the length of the stroke la somewhat bigger. 
In each of the positions "right" and "left" there is full 
passage for the B-A-B flow while there is closed for the 
plein B flow, and It is oppositely in the niddle position. 
Therefore , following e cut by a sharp edge through the B-a-b 
flow, the cut-phase will be covered with material extruded 
through an orifice for plein B- component r end this component 

will be sheared out over the entire cut~phdse« In order to 
natch this opening and closing best possible, the rythms of 
the A-starops and the B- stamp a should be ae stated above 9 and 
furthermore the reciprocation of the "intea positioning pert" 
should preferably not be a simple harnonoui reciprocation. 



but: should slow down or even baooim z^ri 



gad the middle 



position. This is illustrated in the graph fig. 7 b where 



shows tUDe and "a" amplitude, and it is seen that the 



velocity is xero not only at the "right 1 * aid "left" 
positions I) and II ), but also in the middJe position II) 



while the frequencies of the A- and B-vibn tions follow the 

reciprocations ae explained, the amplitudes of these 
vibrations are independently adjustable. 11 may even be 



I 
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arraxigmd so th t the push on B in the middle position can be 
adjusted indepenc ently of the push on the same component in 
positions " right 1 and "left"- 

Since the compomnts of tan must have very different 
temperature* vhi-O they become divided end joined end 
therefore often tiust be fed into the coextrusion die at very 
different temperatures, A e»g« deepfroxen and B e.g. between 
0*10 deyr. C, thii different feed-channels in the inlet pert 

(10) should norauilly bo heat insulated from each other, 
while the reciprocating "inter positioning pert" with walls 

(11) and element;! (6) should be made of metal and 
temperature controlled (e.g. at a temperature near 0 degr. 
C, eo that tTmmz.,ng of 8 is avoided end loelting of A Is 
mini mi red ) ♦ The ,'ixed exit part with dividing members (7) is 
also preferably nade of metal and temperature controlled, 
usually at a somewhat higher temperature in order to reduce 
the friction of I against the walle of 

Between the mutually reciprocating dieparts (10 against 11 
and 6 against 7) there is used conventional sealing 
arrangements e.g, with use of tef lon-bronxe . These 
arr an y anient b « an i_the_^be axinga etc «_whic^_l^x^ *-h» 

reciprocating part in position are not shown In ths 
drawings. 

The food product extruded out o£ -the die will most 

practically be frost about 1-10 cm wide, but In order to 
achieve a suitable production capacity per die, the latter 
should preferably be much wider, e.g. between about 50-100 
cm wide. Therefore the Joining of the "aegmentel filaments" 
can be interrupt sd at intervale along the width by malting 
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th recptctiv ends of the dividing members (7) flat Inst ad 
of letting it And in harp edg . 

Contacting and above th© conveyor bait ( 19 ) there may be 
narrow belts to prevent the extruded product to col laps 
and flow out sideways, if it is not self sup porting at this 



Normal dimensions of each "filament formed" segmental 

stream have been etated in connection with the description 

of fig. 1 a and b and fig, 2. The dimensions at the end of 

the die ere generally similar, and as it aj pears from fig. 6 £ 

a, the division in the array of internal 02 if ices (6) is the 

same whan there la counted from the middle of a B-A-B 

orifice to the middle of the next B-A-B cri f ice or from the 

middle of e B orifice to the middle of the next B orifice. 

As the more detailed drawings (fig. B a en< b} of the 

atampllke device (25) shows, the extruded material A or B is 

firet pushed by the oblique and serrated front (27) on each 

stamp (25) and the driving movement is then taken over by 

the array of asymmetrical grooves (29) on 4 :he thin bar (30) 

which la positioned in the respective channel and extends 40) 

oveir ^ elBioIt~the^ fuir depth of the" latter . Ifhen C30) in6ves~™~^ 



backward, the asymmetric grooves (31) on tlte opposite 
channel wall almost prevents the flow from following bar 
(30) backward. 

This extrusion system which seeme to work 1>y dragging rather 
than pushing, has been found very efficient when the 
material to be extruded exhibits a high ooliesive force under 
dragging f roes and when simultanoualy the tendency to stick 



€1' 

t the grooved e ur feces Is low (can be regelated by 
substances acting as slip- gents) E.g. it -e particularly 
well suited for extrusion of components w±zh short fibres 
dispersed, which normally tend to block narrow channels. On 
the other hand it is not applicable to extrusion of 
materials of low cohesive strength under d ragging forces, 
especially not when they tend to stick. 
Instead of the arrangement of grooved surf ices shown in 
these drawings, in which one surface of thi bar and of the 
chamber are without grooves, and these two surfaces are 
in contact, there can be asymmetrical groo ves on both 
eur faces of the bar (30) which then is positioned in the 
middle of the channel, and on both surface i of the channel. 
Another and very advantageous arrangement .s two bars 
working in "push-pull" with asymmetrical y::ooves on the 
mutually confronting surfaces , while there are no grooves on 
the channel walls* 

The aeymmentrical grooves can be substituted by protruding 
asymmetrical serrations* This is in particular advantageous 
for extrusion of materials with contents o : fibres* The 
— latter-^TKscoaie - ^micro-caroed" . ~ 
The stamps are preferably cast from a ayntlwatic polymer , 
e.g. nylon 6* Their movements can e.g. be arranged by means 
of wheale with tracks. The transmissions between this 
guiding arrangement and the stamps should hs flexible to 
allow the reciprocations of the chambers. 

In the modification shown In fig* 9, the cliannel shape in 
and close to the exit orifices defined by 6) ii bent, and 
th lements (6) end in sharp edges (32) which together with 




the harp edges on the dividing members (>) perform scissors 
action. 

in the modification shown in fig. 10 r theie is prior to the 
dividing, formed conjugent flows B1-B2-B1 and Bl-A-Bl* The 
result is the structure shown in fig. 1 a and b or fig. 2, 
and as further explained in connection with fig. 4 a and b. 

With a simple modification this die can also be used to make 
oell-like structures with two A -component 5 Al and A2 and one 
B ^component, in which AX and A2 are individually surrounded 
by B. In this case Al is extruded through the channels 
marked A, A2 through the channels morked B2 end Bl through 
the channels marked B, In this case there oust in each 
of the elements (6) be an orifice fox- eatrjelon of plain 
B- component, and the reciprocation must be adapted (almost) 
to stop when these orifices for plein B match cpeninge 
between the members (7) . 

In the basically diffsrent embodiment of t» invention shown 
in figs, 11 a and b the cutting is by means of almost 
vertical reciprocation (seen in relation to the sheet plan*) 
and the reciprocating member is the exit pirt (33) which 
ewinge-as^lnd^cated by the double arrow (3T)~eround 
amis (35), positioned immediately over the conveyor belt 
(19). By conventionally means, not shown, ,t and B are fed 
into three parallel wide chambers (36, 37 itnd 38) as 
indicated by the arrows marked A and B. A :.s further pushed 
by the steep (39). Contrary to the stamps nhown in figures 
6a and b this is one stamp covering the fuM width of 
chamber (37). 
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At til* exit of the * internal die" for com|onent A, defined 
by walls (40) and (41), thare is a raw of double-wedge 
formed dividing meabers (42), of which on3y two era shown, 
Thay are constructed end work in ei*tilar vay as (16) in 
figures 6a and b. And at each aide where 1he "internal die" 
for A ends there ia a protrusion (43) similar to (17) in 
these two figures. By means of dividing nwnbers (42) and the 
two protrusions (43) the shoot -formed flow of A is divided 
into individual , filatmant formed flows whish each become 
fully surrounded by B when the sheet formal flows of B merge 
with A from both sides. This composite she at structure is 

then chopped into segments during each of the movements up 
and down Of the sxlt part (33) by meant of aach of its sharp 
edges (44 end 45). Around the highest and che lowest 
position of these edges there will only pass B component 
into the exit part, and therefore B will bacoxae smeared out 
over the cut-faces of A. Thus each segment of A will become 
fully * wrapped up" in B- 

The reciprocation of (33) ia not simple harmonious, but goes 
down to about zero velocity In the middle position • See 
again fig. 7b. 

In the foregoing, the description of how extrusion of 
component A takes place is focused on the use of "stamping" 
action, either 

a) ee in fig. lib stamp which fits to the : : ull width of a 
chamber in an extrusion dia r near its exit, or 

b) as in figures 6a and b with many small stamping devices 
arranged side-by-side so that they together end in an array 
(linaary or circular) of ohenbers neer the exit of the die, 
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Interposed between channels for one or mors other extrudable 
components , 

Howe vex , It should be noted that the propelling , else of 
component A, in many cases can be carried ?ut by means of 
conventional pumping/extrusion means without any use of 
stamping action > 

On the other hand, the use ol such stamping devices , either 
with one stamp in full chamber width, or ii form of many 
snail devices arranged side -by- side in en txtruaion die 
(flat or circular) and ending in an array of channels/ with 
or without channels interposed tberebetweei in the array, is 
useful also for several other purposes - oextrusion or 
monoextrusion - and in itself is a new invention. 

Examples of different kinds of products ao:ordingr to the 

invention* 

1)2 Confectionery. 

X) Ai powdered hard caramel and/ox finely »Uvided nuts, 
,l sintered" in the extrusion process. 



Bt chocolate, semimolten during the extrusion process. 
2) A: Marzipan, or sweet fruit-mass thickeiied with soluble 




B: see I) 1) 

3) A: Icecreem, e.g. chocolate icrecream, or sweetened 

frozen youghurt, melted after the exlrrusion process. 
Bi A firm gel of pectin, in disrupted di sperse state 
during the extrusion process and subsequently 
reg nerated by beating and cooling. 

When A is based on chocolate icecr am with vegetable fat 
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instead of milk fat, 3) cen be a suitable substitute 
of chocolate box* nede without use of fatly acids . 

31) "Hybrid©" between confectionery and piotein foods tuffc. 

1) A: ohMSt extruded in pleeticissed state* 

B : I ) 1 ) 

2) A: see 2) 1) 

b: a disrupted firm gel of eoyaprotein or casein # 
regenerated by heating and cooling. 

III) Meat-like foodstuff on basis of vegetable protein . 

1) A: a strong soup, or youghurt with herts and spices 

("cutney"), with addition of small €M>unt9 of a 
thickening agent; in frozen doughliHe state during the 
extrusion prooess. 
B: eee II) 2). 

2) A: during the extrusion! soya flour dispersed in water 

thickened by means of part-hydroliz«d soyeprotein, and 
with spices and other aromatic substances, plus 
proteinase added - after the extrusion; hydrolized 
by the proteinase. 
~ Bx See I) 3). 

IV) CelLular products with contents like sausages. 

At a paste as nornally used in sausages, cptionally vi-th 
addition of part-hydrolixed soyaproteir. as a thickening 

agent* 

B: see XI) 2), or X) 3) or a firm starch gel, disrupted 

before the extrusion and regenerated bj| heating/cooling . 
This is e.g. e new end advantageous vay ol using 2nd grade 



products from the slaugteries* 

V) BtMd- or cek -like products. 

A: Conventional dough with expension aid* 

0; See IX) 2) 

The product is baked, whereby the call structure helps to 
obtain a fine end even expansion. 

Operative examples* 

In the following 3 examples, the coextrusion die was a 
laboratory machine constructed aooordina to the principles 
shown in fig* €a end b and heated/cooled bj» circulating 
water, the temperature of the die itself kapt under control. 
The division in the row of dividing menbera (7) vae 10 mm 
and the depth of the channels between (7) :.5 ma, the cross- 
sectional dimension* of the "filaments" in the final product 
therefore 10 mnt ( horizontal ) x 15 mi (vertical). The feeding 
of A and B into the die took place by simp, .e ram extrusion. 
The product coming out of the die was taken up on a teflon 
coated tray, which vae manually moved. 
Example i» 

Cell contents (A): marzipan. 
Cell-walls (B>: chocolate 

Proportion between the components t A/b -3:1, 

The chocolate was fed to the die at temperature 30 degr. C 

end the marzipan at 10 degr* C. 

The optimum temperature of the die itself, which depends on 
the Quality of the chocolate, was determined by trial and 
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Bxasiple 2. 

Cell oontMti (A): expanded, bak d wheat-dcugh. 
Cell-wells (B): chtwe 

Proportion between the component*: A/B -2:1. 
The cheese was fed to the die In dry powdered form 
(PeriDeeean) . 

The dough contained baklngpowder . 

Themperature of the extruded components axttl of the die was 
20 degr, C, 

The extruded product taken up on the tray was supported by 
teflon coated lists at the aides to preverv; it from floating 
out during baking, and vaa then baked* Aftor baking and 
cooling it was found that the cheese formed oontinoue cell- 

walle« 
Example 3. 

Cell contents (A); honey. 

Cell-wells (B): a firm pectin gel, precipitated by chemical 
reaction . 

Proportion between the components i A/B » 5 t 1. 

B is fed in form of a viscous 5% solution In water of low- 

nietiio3qrTe^^ = ^^ en ^^^ M 

A is e honey which is in plastic state at room temperature 
end to which la addad Ca- lactate in an amoint double tnet 
which ia equivalent to the pectin with whish it shall react. 
A ia fed st temperature -15 degr . C, and tie die temperature 
la controlled at *2 degr. C. 

The extruded product le cured by storage at room 
temperature, and it is found that B forms firm oontinoue 
cell-wells* 
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CLAXKB 

1. A food product in sheet, ribbon or filament form 
consisting of at least two components whi sh hove been 
coextruded to become interspersed with ea?h other and form 
a row structure, charactsriied in that this row structure 
is a cellular structure in which one or nore components (A) 
have the shape of discrete platelets or lamps nested 
according to at least two dimension© in oie or more 
components (B) which as cell walls define cell like spaces 
comprising said platelets or lumps and which is/are in firra 
cohesive form in the final state of the product at ambient 
temperature to form a continous matrix for X, and at lea^t 
make the product self supporting at such temperature, andSi 
being weaker than 8 at least by a factor of 2 with respect 
to permanent deformation in form of flow or fracture when 
tested under compressions! forces at the ambient 
temperature, such tests rsfsrring to the compact A and B 
materials in the physical state they have in the product, or _ 
2* A product according to claim l r chars' cteri zed in tbat A 



in the final form of the product at ambient temperature is 

in liquid state. 




3. A product according to claim 1, characterized in that A 
in the final form of the product at ambi«nt temperature is 
in a plastic state. 

4. A product according to claim 3, characterised in that 
each platelet or lump at ambient temperature is a continous 
soft gel of plastic character. 

5. A product according to claim 3, characterised In that 
ach platel t or lump of A is a pulp, . t . of short fibr a 



or platelets dispersed in water. 

6. A product according to claim 1, ohara ot rieed in thit 
eaoh platelet or luap of a ia in powdered state with 

air filling the space between the individual particle* of 
the powder. 

7. A product according to claim 1, characterized in that 
each platelet or lump of A ia a fragile exonerate of 



8. A product according to claim 1, charac terized m th^t B 
is a contlnous firm gel. 

9. A product according to claim 1, characterized in that 
at least the majority of platelets or lumfs of A are fully 
•ncesed in 8. 

10. A product according to claim 1. chara cterized in that 
the average thickness of the cell walls of B is generally 
the same ae or smaller than the dimension of the lumps or 
platelets, the latter also taken as an average. 

11. A product according to claim l, oharat iter! zed in that 
it consist* of a discrete or aeveral mutua: ly bonded 
composite filament* having a generally red angular 
paralellogran formed cross s«Btlo B _ M h e ««h ¥ ^ M ^, r- nHr 



or 



generally parallel filament faces (rands] each consist of 
a boundary cell wall B-ooraponent, and between these two 
boundary cell wall, there are bridging cell, walls of B- 
component branching off from the boundary oill walls to form 
cell like spaoee in which a is nested, and if the product 
comprises several such filament. tJ^latter^'rSln.d with face 
r in one filament adhered to face a in en adjacent filament. 
12. A product according to claim 11, characterized in that 
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if a id bridging cell walls are attenuated <**mmm* in th 
vicinity of the location© of branching, tha local thicknas 
of a branch and a boundary call wall, both neasured 
in the vicinity of the location of branching off, 
generally not any ©mailer than 1/15 of the biggest thickness 
of said branch. 

13- A product according to claim 11 , characterized In that 
said adhssion Is weaker then the cohesion within the said 
at rand ■ of B-component. 

14. A product according to claim 11, characterized in that 
the said boundary call valle of B -component are attenuated 
or interrupted at intervals with spaces of air or A -material 
betweenVfeo facilitate chawing of tha product. 

15 . A product according to claim 11 , chari ctarlzed in that 
tha a aid boundary call valla of B-componen1 extend In waived 
or zigzagging manner* 

16- A product according to claim 11, characterized in that 
each platelet or lump of A bridges from onn to the other of 
said boundary strands of B, 

17. A product according to claim 11 r chaructsrixsd in that 
the other mutually opposite faces (t and ui also consist of 



cell walla of B~coreponent, 

18. A product according to claim 17, charicterisad in that 
seen in a cross section of the filament, trie extension of 
component A from said B -strand at face t to said B~s trend 
at face u is Interrupted by at least one mora coll wall of 
B- component • 

19, A product according to claim 11, chai actTiiBd in that 
there are tv B-coinponents Bl and B2, Bl Jortning the 




boundary cell walla at faces r and m s and B2 forming at 
lea t a part of each bridge of B material b tween th said 
boundary oall valla. 

20 . A product according to claim 1, char ictarlged in that B 
la baaed on fat or wax with additions for the taste, e.g. It 
cons let a of chocolate. 

21. A product according to claim 1, characterized in that B 
is based on protein. 

22. A product according to claim 1, characterized in that B 
is based on a polymer belonging to the group of 
carbohydrates or carbohydrate related comjtounde. 

23. A product according to claim 1, characterised in that B 
ie a gal reinforoed with short fibres or platelets. 

24. A product according to claim 2, characterized in that 
the boundary cell walls of B- component at faces r and s are 
molecular ly oriented In their longitudinal direction. 

25. A product according to claim I, characterized in that A 
ie a juice optionally in form of a aoft g< 1, and t^iat A 
contains dissolved eugar. 

26. A product according to claim 1, charl cterized in that A 
ie a juice optionally in form of a soft g«l, and that A 

- contains fiydrolyaed proteins to give it t< ete and 
nutritional value comparable to meat. 

27. A product according to claim 1, characterized in that A 
contains a pulp of ehort protein fibres* 

2B. A product according to claim 1, characterized in that A 
la a eour milk product. 

29. A product according to claim 1, chara rterized in that A 
is marzipan. 



30. A product according to claim 1, chai act prized In that: A 
contains sintered particles of sugar or < f hard caramel. 



31* A product according to claim 1, characterized in that 
each platelet or lump of A mainly consists of seed or 
fraotuared nut a. 

32. A product according to claim 1, cha racterized in that a 
Is a paate baaed on neat. 

33. A product according to claim 1, characterized in tha t 
the cell like spaces surrounded by B component contain air. 

34. A bread or cake product according t» claim 33, 

characterized in that A Is based on swollen and baked starch 
and B is based on protein. 

35. A product according to claim 14, ch aracterized in that 
B la cheese* 

36. A method of manuf acturing^ Sh s ynr e gt ot e i claim 1 , in 
which feeds feuff ea mp Q n a w fr e A and B, eacl in extrudable 
state, are formed into narrow flows and are extruded side- 
by- side in an array In mutualy interposed arrangement each 
through a separate chamber in a cooxtrunion die, said 
chambers terminating in a lineary or circular ar ray of 
internal orifices, characterized In the* : subsequent to their 
exit from said internal orifices, the f lows are devided into 
segments and joined to at least one seg tental stream by 
means of a row comprising at least two dividing members, 
while the said array of internal orifica and the said row of 
dividing members reciprocate or rotate relative to each 
other to perform the dividing action, «nd the movements of 
th coropon nts ar adapted to model th« s gments of B around 
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the 



gmenta of a to make B matrix ra atari al within the 
segmental stx am, and that B is traneforoed to a firm 
ma ' t-rl 1 "haxeby »t le at the final stay* of this 
trana formation takas place after finallliatlon of the 
modelling. 

37. A method according to claim 36, characterized In that 

iclprocatlon or rotation la parallel to the 
which define, the beginning of the dividing 



the ralatlv* 
Una or 



3B. A method according to claim 36, char, tc tar la ad in that 
the die is a generally flat die for extrunion of sheet with 
the array of narrow flows parallel to the main surfaces of 
the sheet ("horizontal") and the narrow flows of B- component 
prior to the dividing being Integral with at least one 
sheet- formed horizontal flow, and the dividing taking place 
by a generally vertical reoiprocetion. 

39. A method according to oleim 37, char acterised in that 
when there are more than 2 such dividing ■ embers and 
extruded mors than 1 segmental stream, 2 or more such 
streams are Joined in a collection chamber at the end of the 
die as they leave the dividing members end are bonded 



or a nest structure 
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A method according to claim 37, characterized in that 
the modelling of the segments of B around :he segments of A 
la established by expanding the width of the segmental 
stream ss measured between adjacent dividing members and 
esleoting the composition of A and B such i.hat B is smeared 
out on the surfaces of the dividing memberr during thia 
expansion while simultaneously any direct contact between A 



and BOf » * *s n is llminatedL 



41) A method according to claim 37, charac termed In that 
at least two components A and B are fed from separate 
extruder* P pumps or other conventional feeding devices each 

through a conduit ending In an internal feeding slot 
coimnunl ce t lng with each of the channels for the respective 
component to perform the slde-by-slde extrusion. 
42* A method according to claim 41, characterized in that 
the conduits with feeding slote and the dividing members 
are Installed in fixed dieparta, while the assembly of 
chambers for the aide-by-side extrusion is reciprocating or 
rotating. 

43. A method according to claim 41, ch< racterired in that 
the conduits with feeding slote and the chambers for side- 
by- aide extrusion are installed in a £1x4 <d dispart, while 
the dividing members ere installed in a i ecipr oca ting or 
rotating dispart. 

44. A method according to claim 39 1 characterised in that 
in addition to the relative reciprocation or rotation 
between the chambers for aide-by-side extrusion and the 



reciprocation or rotation between the di' riding members 
and the collection chamber at the end of the die, 

45. A method according to claim 37 f characterized in that 
the array of internal orifices are arret* jed in close 
proximity to or directly contacting the row of dividing 
members, whereby the dividing takes plao by the shear 
between the maid array and the said row. 

46. A method according to claim 45, characterized in that 



the dividing of each narrow flow to 8 gments is performed by 
cutting action. 

47. A method according to claim 46, characterized in that 
the cutting is performed by forming the upstream end of 
generally each dividing member as a knife at least on one 
side of the dividing member, the edge of :he knife pointing 
generally in a direction parallel to the laid relative 
reciprocation or rotation. 

48. A method according to olaira 46 r characterized in that 
the cutting is performed by forming generally each of the 
internal orifiooe in the array as a knife at least on one 
side, the edge of the knife pointing generally in a 
direction parallel to the said relative reciprocation or 
rotation. 

49. A method according to claim 46, characterized in 
combining the featuree of claim 47 and 48 to obtain the 
effect of a pair of scissors. 

50 ♦ A method according to olaim 47 or in which the die 

is a flat dio, characterized in that to enhance the effect 
of cutting, the array of orifices and tha row of dividing 
ii ember perform relatively fast and relatively small 
vibrations relative to each other in a direction generally 
perpendicular to a plane defined by the array and the 
segmental streams, these vibrations beinfl in addition to the 
slower end bigger reciprocations along tha direction defined 
by the line of orifices, whereby the kni\aa perform sawing 
action. 

51. A method according to claim 45, characterized in that 
the size of and the division between on c ne aide the said 



orifice* and on the other side the said dividing members are 
adapted to make said members act an shutters which 
simultaneously open and simultaneously cloie the orifices 
for one ami the same component* 

52. A method according to claim 51, characterized in that 
at least component A is extruded In pulsations in a rythm 
syncronized with the relative reciprocation or rotation 
between the array of internal orifices and the row of 
dividing members to produce maniaum drivinj force on the 
component while the orifices for the latter ere open. 

53. A method according to claim 52, characterised in that 
the pulsations are produced by e stamp or stamplike device 
for each narrow flow of the component f localized at the 
entrance to the chamber for the narrow flew and optionally 
extending into the said chamber. 

54* A method according to claim 53, in vhich the stamp or 
stamp! ike device extends through the chamker, character i z ed 

in that It has a pattern of asymetrlcal gtoovee like 
the grooves of a file or protruding serrations like the 
serrations on a saw on at least a part ol the surface or 

BXIt^^C SJ^fe^in g the fJL OW ^ar n* tMt^thttr^ J ^ a jnilljir qTOrwM 

or protruding serrations like the serrations on a saw on at 
least one wall of the chamber, the two pal terns of grooves 
corresponding so that^y a pawl-like effeol the flow moves 
forward when the stanpllke device is moved forward, end 
almost stands still when this device is nuved backward, 
55. A method according to claim 52, chei acterized in that 
in order to establish or facilitate th me delllng of 
component B around the segment of component A atr ams of 



component B ar merged with ach narrow flsw of A b fore 
this Mat its Internal orifice, this merging being on both 
sides of A to form a composite strsasi of IAB configuretion 



when the said composite stream is viewed in a section 
parallel to a plane defined by the array cf narrow flows, 
and further that the internal orifices thtough which such 
composite BAB streams are extruded alternate with internal 
orifices through which plain B component ds extruded, 
whereby immediately after the dividing th4 segmental etre&ma 
will consist of BAB segments alternating v ith B 
segments. 

56. A modification of the method according to claim 55, in 
which there are two B components Bl and &i to become 
modelled together around each segment of J , and in which Bl 
is merged with A to form composite stream* Bl-A-Bl as 
defined in claim 55, characterized in thai Bl in a similar 




manner is merged with B2 to form composite sifreCna B1-B2-B1, 
and the Internal orifices for the compos li e Bl-A-Bl i \&h auSiy 
alternate with the internal orlfioes for i he composite Bl- 
B2-B1 str e ams whereby Immediately after tie dividing the 



alternating with B1-B2-B1 segments. 

57, A method according to claim 55, characterized in that 
the said merging is carried out in such a way that: there is 
also formed a BAB configuration when the < opposite stream is 
viewed in a section which ie perpendicular to the array of 
narrow streams and parallel to each of thi.se streams and 
which goes through A, or optionally a configuration with a 
longer sequence of alternating B and A eeirments, B being at 
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the beginning and end of this sequence* 

58. A method ccording to claim 45, characterized In that 
in the dividing process a layer of plain B -component is 
formed on each of those surfaces of the sepontal streams, 
which ere parallel to a plane defined by tie row of 
dividing members, this forming established by making the 
internal orifices for the B-component exteid beyond the 
orifices for the A component, whereby B-conponent extruded 
through the extruded parts of the orificee will be sheared 
out to fora aaid layers. 

59. A method according to claim SB, characterized in that 
in the dividing process there is also A n jffi SSd^or^ or more 
layers of B component into each segment of A component, by 
making each internal orifice for A interrupted at one or 
more locations without making the orificee for B component 




and formation of the layer or layers. 

60* A method according to claim 36 # characterized in that 
the transformation of B to a firm form tak»e place by 
cooling. 

-61 » A — ipe^hio<^^cj^rdi3! u to c lai m 36 — c har i la^eirXge^- -4 r% — *hg£ 



the said transformation of B takes piece b? gel formation. 

62. A method according to claim 61, char tcterlxed in thet 
the gel formation is established by heatlnj. 

63. A method according to claim 61, char icterized in that 
prior to the coextrusion process B is fon&*d as an 
extrudable material by disruption of a con;inoue, firm 

gel structure, and after the end of the coactrusion the 
continous firm structur of this g 1 ie reestablished by 
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heating followed by cooling, or if the go: is adequately 
tlxotroplc, spontaneously or upon storag . 

64. A method according to claim 61, characterised In that: 
the gel formation is carried out by chemic al reaction, 

65. A method according to claim 61 , characterized In that 
when the gel formation can be made sufficiently slow, the 
react ant a are misad prior to the cogxtrutJ on process. 

66. A method according to claim 61 „ ohai aoteriaed in that 
the gel formation is established by admixl ure of a reactant 
to the A -component, this reactant gradually migrating into 
the B component when the components have teen brought 
together in the coextrueion die. 

67. A method according to claim 61, characterized in that 
the transformation to a firm form is enhaxced by 
precipitation in the B- component of an in< rgenic salt, e.g. 
calolumphosphata, formed by reaction between ions in the A- 
component and ions in the B- component . 

68. A modification of the process according to claim 64, 
characterised in that by a chemical reaction preformed solid 
particles are coagulated to continoue fix* material. 

6 9 ■ *-*^*hoa^ec»rd*^g=to-^ c te awtcrize d In that 

during the extrusion B is mainly in the form of a firm 
material In particle form dispersed in watar, and after the 
end of the extrusion at least a part of th* particles axe 
first fused and then es lirtlf letl by cooling to make the 



material cohesive. 

70- A method according to claim 61 , char acterized in that 
when there are two B components Bl and B2 and they re 
coextruded in the combinations claimed in nlaim 56, then B2 



le formed Into a gel at lout in part whll* it proce ds as 
narrow flow towards the dividing proc ee. 

71. A method according to claim 36, in which A is based on 
water , characterized in that in order to cperate the 
extrusion process with A In viscous plastic, or semisolid to 
solid itatt but achieve a more flowable consistency of A in 
the final product, a major portion at least of the water in 
A is frozen to ice prior to the extrusion, and the ice is 
melted after f inalllzatlon of the extruslcn process. 

72. A method according to claim 36, characterized in that 
in order to operate the extrusion process vith A In viscous 
plastic, or semisolid to solid state but nchieve a more 
flowable consistency of A in the final product, A is applied 
to the extrusion process in a semisolid tn solid state based 
on the contents in A of a polymer, and thi.s polymer Is 
dspolymerlzed st least in part after f inai.llzatlon of the 
extrusion process* 

73. A method according to claim 72, characterized in that 
the depolymerlzatlon process is ensymatia > 

74. A method according to claim 36, in which A in the 
final state is wanted in fragil solid state, characterised 
in that A is fed to the extrusion process as a water soluble 
powder , e.g. a carbohydrate with addition of small amounts 
of water, and the powder Is thermally sintered by help of 
the water after the dividing process. 

75. A method of carrying out extrusion of any extrudable 
material in which the extrusion die comprises at least 

one narrow conduit for the material does to the exit of the 
die and conventional m ans to feed the material into the 




conduit, characterized in that in addition to th»8« 
convantlorulkf feeding dmiui, the xtrusioi die ccmpriMfi a 
at asp or stamplike device looalllzed at th» entrance 
to said chamber and optionally extending trvrough the aaid 
chaabar, and operating in vibration, whereby said vibrations 
in conjunction with the convent i anal feedl ig moan© 
forward the material through the chamber 1 1 pulsating 

nannar. 

76. A method according to claim 75, in wiich the stamp or 
steaiplike device extends through the chambar, character! zed 
in that it has e pattern of asymmetrical jxooves like the 
grooves of e file or protruding serrations like the 
serrations on a aaw on at least a part of the surface or 
surfaces facing the flow, and that there are similar 

grooves on at least one wall of the chamber or on a 
corresponding stamplike device, the two patterns of grooves 
corresponding so that by a pawl-like effect the flow moves 
forward when one 6 tamp like device is moved forward, and 
almost stands still when this device is mc*ed backward or 
that it simultaneously is moved forward by such 
cor re spading »taap lika_davi rp — 

77. A method of manufacturing a confectionery product of 
attractive optical appearance by coextrudlng at least two 
extrudable confectionery components of different optical 
characteristics, characterized in that sail components 
each in extrudable state, are formed into narrow flows and 
are extruded slde-by-slde in an array in nutualy interposed 
arrangement each through a separate chamber in a coextruslon 
dl , said chambers terminating in a linear y or circular 



array of internal orifices, and that subsequent to their 
emit from said int mal orifices, the flows ar devided into 
a gmants and joined to t least one segmental stream by 
roans of a row comprising at least two dividing members, 
while the said array of internal orifice ard the said row of 
dividing id ambers reciprocate or rotate ral«tive to each 
other to perform the dividing action, and i f two or more 
such segmental streams era extruded they ale optionally 
joined side-by-side, whereupon the extruded product; is 
transformed to a firm a tats and optionally cleaved to 
Clearly expose the pattern of the segmental stream or 
streams • 

78. A method according to claim 77 , characterized in that 
by the friction between each ssgmental stntaia and the 
dividing laembers, the segmsnta ara dragged out to obtain a 
head- tail form with a length from head to 1 ;oil at least 
twioe the width of the segmental stream* 
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